Background Sufficient sleep is needed for the healthy development of youth. However, only a small minority of adolescents obtain adequate amounts of sleep. Although individual-level correlates of sleep have been identified, studies investigating the influence of the environment on sleep are warranted.
Introduction
The Centers for Disease Control and Prevention (CDC) recommends adolescents obtain a minimum of 8.5 h of sleep per night (http://www.cdc.gov/sleep/about_sleep/how_much_ sleep) for healthy growth and development. However, a majority of American adolescents do not meet this recommendation. 1, 2 For example, among US adolescents, an estimated 63-87% of adolescents report needing more sleep than they obtain.
1,2 Some researchers estimated that 15 million American children do not obtain adequate sleep. 3 Further investigation of the predictors of sleep as well as the mechanisms involved, is needed to understand the phenomenon of lack of adequate sleep among adolescents.
Obtaining adequate sleep is important for the growth and development of children and adolescents. 4 Sleep plays a key role in the many metabolic, immune, thermoregulatory, cardiovascular and respiratory functions. 5 -8 Inadequate sleep has also been identified as a risk factor for overweight and obesity. 9 According to a recent review, children aged 6 to 12 sleep 10 h per night. 10 As children age into adolescence, total sleep demands are unchanged, but adolescents obtain substantially less sleep than school-aged children. 10 For example, the amount of sleep obtained decreases from 10 h during childhood to 7.5 -8.0 h by age 16. 10 -13 Certain demographic sub-groups are at risk for inadequate sleep. In general, older youth obtain significantly fewer minutes of total sleep time in comparison with younger children. 10,14 -16 Minority boys slept significantly less than nonminority boys and girls and minority girls. 17 Also, the oldest minority boys, on average, obtained significantly fewer minutes of sleep in comparison with students in other age, sex and ethnic sub-groups. 17 Lower socioeconomic status was associated with fewer minutes of sleep. 18, 19 Also, nativity has shown to be associated with sleep duration. For example, foreign-born adolescents accumulate more minutes of sleep in comparison with those who were born in the USA. 20 Depressive symptoms of the parents and the child are also associated with inadequate sleep. 3 Among MexicanAmericans, researchers identified lower parental acculturation and the fathers' familial values as predictors of more healthful sleep, whereas higher levels of family income, parental education and parental perception of neighborhood crime were predictive of less healthful sleep. 21 On top of individual characteristics, the social determinants of health framework posit that the conditions in which 'people are born, grow, live, work, and age, play an important role in health and well being (http://www.who.int/ social_determinants/en/).' Therefore, although not thoroughly examined in their role in sleep, the environmental factors of the residential neighborhood might influence this behavior. For example, the social environment, which incorporates the physical surroundings, social relationships and cultural settings within which groups of individuals and families reside and interact, might influence sleep behavior. 22 Youth who live in economically deprived urban settings are more likely to be exposed to social disorder, 23 such as violence, which may have a detrimental impact on their mental health 24 and therefore disrupt their sleep. 25 Another example is noise within a neighborhood, such as ambulance sirens and vehicular traffic, which can potentially disturb or disrupt sleep. 26 -28 Similar to exposure to social disorder, in comparison with those from higher socioeconomic status, individuals from lower socioeconomic status are more likely to live off of busy roads and through roads and are therefore more likely to be affected by noise. 29 Also, neighborhood social cohesion has been identified as a correlate for shorter sleep duration. 30 Therefore, the social and physical environment can make a substantial impact on sleep among youth.
In the present study, we determine whether social fragmentation, a social environmental exposure, relates to sleep among adolescents. Social fragmentation is linked to the concept of anomie, which Emile Durkheim defined as a state of normlessness, 31 or the breakdown of social bonds between individuals and their communities. Social fragmentation is thought to be a representation of greater residential instability. These communities are characterized by fragmentation of residents' social identity, and by rejection of self-regulatory values. 31 For example, researchers have used US Census variables to describe specific social conditions, such as proportion of residents moving out of residential area within the last 5 years, to describe stability. Instead of being a proxy for poverty, these relate to rapid turnover, lone person households and rented tenancy.
Contextual characteristics might influence sleep through several plausible mechanisms.
The residential environment might affect sleep directly, i.e. makes an impact on how adolescents sleep, or indirectly, i.e. through mediators. These mediators could be behavioral, such as physical activity, or psychological, such as poor mental health. For example, neighborhood social fragmentation has been investigated to be associated with physical activity. 32 In turn, recent evidence suggests that those who get at least 150 min of exercise a week were significantly more likely to sleep better than those who do not. 33 Among adolescents, those who achieved 5 bouts of Moderate-to-VigorousPhysical Activity per week were more likely to sleep 8 h of sleep. 34 Similarly, increased sedentary behavior was associated with an increased likelihood of having sleep problems. 35 Another potential mediator is adverse mental health, such as depressive symptoms. Social fragmentation has shown to be associated with poor mental health. 36 -39 Furthermore, experiencing depressive symptoms has been shown to be a determinant of poor sleep. 40 Also, other behaviors, such as smoking and alcohol consumption, might lie along the causal pathway between social fragmentation and sleep. Cigarette smoking 41, 42 and alcohol consumption 42, 43 have been shown to be associated with sleep problems and shorter sleep duration among adolescents, as well as to social fragmentation. 44, 45 Finally, another potential mediator is perception of neighborhood safety. Social fragmentation has been shown to be related to perception of neighborhood safety and in turn, perception of neighborhood safety has been identified as a correlate of poor quality of sleep 46 and inadequate sleep. In this study, we investigated the relationship between arealevel social fragmentation and sleep among adolescents in Boston, Massachusetts. We tested the hypothesis that high social fragmentation is associated with a decreased likelihood of obtaining the minimum recommended hours of sleep and sleep duration. We also tested several possible mechanisms that may account for why social fragmentation is associated with sleep.
Methods
We used data from the 2008 Boston Youth Survey (BYS), a biennial survey of high school students (grades 9 -12) in Boston Public Schools. Sampling has been described elsewhere. 47, 48 The research team sought to administer the BYS in all eligible Boston Public high schools (n ¼ 31). 48 Schools that were excluded were those that serve adults, short-term schools and those that serve students with severe disabilities. 48 Twenty-two of the eligible schools participated in the survey (71%). The final sample of schools was representative of all schools in the Boston area in terms of race/ethnicity of the students, school drop-out rates and other variables. 48 A unique list of classrooms was obtained from each school, and classrooms stratified by grade were randomly selected for participation in the survey until 100 -120 students were identified. All students in randomly selected classrooms were invited to participate. 48 We used passive consent, and students were free to decline to participate at any time before or during the survey administration. The response rate was 69%, yielding a sample size of 1878 students. Since complete data were available for 1148/1878 ¼ 61.1% students, we used multiple imputations to replace missing behavioral data. As a result, complete data, within the imputed data set, were available for 1375 (1375/1878 ¼ 73.2%) students. Briefly, we imputed missing values within five copies of the data set. We then used multilevel regression analyses to fit the model of interest to each of the imputed data sets. Next, we averaged estimates to obtain overall estimated associations. 49 Those with missing data were more likely to be male, black and older in age and to have immigrated to the USA within the last 4 years.
Data collection
The BYS staff developed the questionnaire, utilizing multiple reliable and valid scales, to measure behaviors, with a particular emphasis on violence exposure. During the spring of 2008, a paper-and-pencil survey was administered in classrooms by trained staff (youth workers, researchers, graduate students and city workers). The Office of Human Research Administration at the Harvard School of Public Health approved data collection procedures for the BYS.
Study variables
To measure usual sleep duration, students were asked, 'How many hours and minutes of sleep do you usually get on a school night?' Based on the CDC's recommendation (http:// www.cdc.gov/sleep/about_sleep/how_much_sleep), responses were dichotomized to 8.5 h and ,8.5 h per night. Also, the number of hours of sleep was converted to the number of minutes to obtain a continuous measure of sleep duration.
Exhibiting depressive symptoms was measured using five indicators from the modified depression scale, which has been shown to have acceptable reliability and validity psychometrics. 50 Students were asked 'In the past month, how often . . .(a) "Were you very sad?"; (b) "Were you grouchy or irritable, or in a bad mood?"; (c) "Did you sleep a lot more or less than usual?"; and (e) "Did you have difficulty concentrating on your work?"'. Response options included: (i) never, (ii) rarely, (iii) sometimes, (iv) often and (v) always. The internal consistency had a value of Cronbach's a ¼ 0.79. We derived total scores by summing items among youth who had complete responses for all five items (range: . 50 We categorized students with scores of .20 as having depressive symptoms.
To assess student perception of social cohesion of their neighborhood, five statements, which have been used previously, 51 were administered in the BYS. The average social cohesion score was 12.0 (SD ¼ 2.9), and the range was 5 to 20. Tertile cutoffs were used to categorize social cohesion into low, moderate and high.
To assess student perception of neighborhood safety, they were asked 'Do you feel safe in your neighborhood?' Response options were never/rarely, sometimes and mostly/always. For current smoking and alcohol consumption, students were asked, 'In the past 30 days, on how many days did you?' participate in the behavior. Response options included none, 1-2, 3 -9 or 10 or more and were dichotomized into none versus yes. To measure physical inactivity, students were asked, 'In the past 7 days, on how many days did you exercise or participate in physical activity for at least 20 min that made you sweat and breathe hard?' Participants were categorized into inactive (0 days) or active (1 -7 days).
We used 2010 US Census data, a representative survey of adult neighborhood residents, and crime data from the Boston Police Department to characterize each participant's residential neighborhood. Each participant in the BYS was asked to name the nearest cross streets to their residence. Useable residential information was obtained from 88% of the sample, and these respondents were assigned to US Census tracts for geocoding. Principal Components Analysis (PCA) was used to develop neighborhood-level indices for Social Fragmentation, Economic Deprivation and Danger each of which was geocoded to US Census tracts, described later. For each construct, tertiles of the PCA derived scores were used to categorize the constructs into low, moderate and high.
Social fragmentation, which is a measure of the stability within the neighborhood, was composed of the indicators proportion of residents who have lived in the same house for ,5 years, proportion of vacant house units and proportion of owner-occupied housing (reverse coded). Social fragmentation ranged from 22.13 to 1.71, and the average score was 0 (SD ¼ 1.0) (Cronbach a ¼ 0.87).
Economic deprivation was composed of the following indicators: proportion of residents below poverty level, proportion of households on public assistance, proportion of households with 2009 income of ,25 000 USD, proportion of households with 2009 income of .100 000 USD (reverse coded) and proportion of residents with a college degree (reverse coded). Principal Components Analysis indicated that the variables loaded onto the same factor (Cronbach a ¼ 0.87). Economic Deprivation scores ranged from 21.79 to 2.42, and the average score was 0 (SD ¼ 1.0). A higher score reflects greater economic deprivation of the student's residential neighborhood.
To assess neighborhood danger, the counts of criminal homicide, robbery, aggravated assault, burglary, larceny theft, vehicle theft and arson were added using data obtained from the Boston Police Department, geocoded to US Census tracts.
The Boston Neighborhood Survey (BNS) was used to measure neighborhood disorder. The BNS is a biennial random-digit-dial telephone survey of 1710 adults, aged 18 and older between January and September 2008 in Boston. 52 The BNS was used to supplement BYS data with contextual information about neighborhood-level conditions and social processes as perceived by adult residents. 48, 52 Disorder is a neighborhood exposure that is composed of both social (five items) and physical (four items) disorder. A combined score was created; a greater score is indicative of greater neighborhood disorder.
Other covariates included sex, age, nativity (US-born, foreign-born 4 years and foreign-born arrived .4 years) and race/ethnicity (white, black, Asian, Hispanic and other).
Statistical analysis
Because respondents were nested within neighborhoods, we used multilevel modeling to determine whether area-level social fragmentation was significantly associated with sleep (P , 0.05). Multilevel models are a generalization of the linear model used in traditional regression analysis. 53, 54 Multilevel linear regression was used for the continuous sleep duration outcome, whereas multilevel logistic regression was used for the dichotomous (,8.5 and 8.5 h) outcome. We tested a threshold for adequate sleep of 8.0, which yielded similar findings (results not reported). In addition, since obtaining excessive amounts of sleep is associated with adverse health outcomes, students who sleep .10 h were excluded and analyses were repeated. Again, this sensitivity analysis yielded similar findings to the main analysis (results not shown).
To investigate the potential effect of social fragmentation on sleep, we adopted a step-up approach and conducted different sets of analyses. 53, 54 A first set of analyses involved estimating the null model. For the continuous outcome model, the null model allows for the decomposition of variance in sleep duration to determine whether it was attributable to area-level and between-person variation. For the dichotomous outcome, the null model is used so that the 95% plausible value range could be computed, which is an indication of the degree of variability of the likelihood of meeting the 8.5 h of recommended sleep. Next, a set of analyses included social fragmentation and the other neighborhood-level characteristics. Then, individual-level characteristics were added to the models. Finally, smoking, alcohol consumption, physical inactivity, depressive symptoms and social cohesion were included in the models to test for mediation.
To determine whether smoking, alcohol consumption, physical inactivity, depressive symptoms, perception of neighborhood safety and social cohesion acted as mediators between social fragmentation and sleep, we applied the Baron and Kenny 55 method to test mediation. In order to identify whether these behavioral variables mediate the relationship between social fragmentation and sleep, the following relationships were checked: (1) whether Social Fragmentation is significantly associated with each of the potential mediators, (2) whether each of the mediators is significantly associated with sleep and (3) whether the relationship between social fragmentation and sleep is attenuated, once the potential mediators have been included.
Results
Characteristics of the 1375 students attending secondary schools in the Boston area are presented in Table 1 . Overall, the sample had slightly more females (55.4%). Approximately 46% were black, and 71.6% were US-born. The average number of minutes of sleep per night achieved by the students was 397.8 (SD ¼ 85.9) and n ¼ 129 or 9.4% of the sample reporting sleeping 8.5 h or more. Also, for each demographic group, the average sleep duration and proportion meeting the 8.5 of sleep were indicated (Table 1) . Students in younger age groups had more minutes of sleep duration in comparison with the older age groups. Also, white students in comparison with all the other racial groups and students without depressive symptoms in comparison with those with depressive symptoms had higher average sleep durations. Foreign-born students who have arrived 4 years ago had greater sleep duration in comparison with those born in the USA and those who were foreign-born and arrived .4 years ago.
The 95% plausible value range determined from the null multilevel model showed that the proportion of adolescents reporting sleeping 8.5 h or more ranged from 5 to 16% across neighborhoods. The null multilevel model for the continuous outcome showed that 98% and 2% of the variance in number of minutes sleeping were attributable to withinperson and between-neighborhood variation, respectively.
The addition of the neighborhood-level characteristics revealed that those living in moderately (OR ¼ 0.50, 95% CI ¼ 0.27, 0.93) and highly (OR ¼ 0.35, 95% CI ¼ 0.19, 0.65) socially fragmented neighborhoods were less likely to meet the 8.5 h of sleep (Table 2) . Also, those from moderately (b ¼ 225.0, 95% CI ¼ 244.5, 25.5) socially fragmented neighborhoods obtained fewer minutes of sleep in comparison with those from students living in low socially fragmented neighborhoods. Although not significant, those from highly socially fragmented neighborhoods (b ¼ 220.4, 95% CI ¼ 242.4, 1.6) obtained fewer minutes of sleep (Table 3) .
The multilevel models that included only sociodemographic covariates identified older age groups as being less likely to obtain 8.5 h of sleep or more and accumulated significantly fewer minutes of sleep in comparison with their younger counterparts (Table 2) . Conversely, immigrants who arrived within the previous 4 years were more likely to obtain the 8.5 h of sleep or more and on average accumulated .25 min of sleep in comparison with US-born students (Table 3) .
When individual-level and neighborhood-level covariates were included (Model 2) in the analysis, findings were similar in that those in moderately (OR ¼ 0.51, 95% CI ¼ 0.27, 0.97) and highly (OR ¼ 0.33, 95% CI ¼ 0.18, 0.61) socially fragmented neighborhoods were less likely to obtain the recommended 8.5 h of sleep ( (Table 3) . When the analyses included the potential mediators (Model 3), the effect of social fragmentation on sleep remained. This is an indication that depression, social cohesion, perception of neighborhood safety, alcohol consumption, tobacco smoking and physical activity did not mediate the relationship between social fragmentation and sleep. The inclusion of these potential mediators would have eliminated or abated the relationship.
Results of testing whether alcohol consumption, smoking, physical inactivity, social cohesion, perception of neighborhood safety and depressive symptoms acted as possible mediators between area-level social fragmentation and sleep are presented in Table 4 . High social fragmentation was associated with a significant increase in odds of alcohol consumption and being physically inactive, but associated with a significant decrease in odds of reporting moderate and high social cohesion. Moderate and high social cohesions were significantly associated with greater minutes of sleep duration. Those who consumed alcohol and smoked cigarettes were significantly less likely to sleep 8.5 h or more. Although these results indicate that the behaviors could potentially act as mediators between social fragmentation and sleep, results from the adjusted model (models 3, Tables 2 and 3 ) indicate otherwise.
Discussion
Main finding of this study
In this cross-sectional study in Boston, Massachusetts, we found that moderate and high social fragmentation was associated with a decreased likelihood of meeting the recommended number of hours of sleep and fewer minutes of sleep duration in comparison with those students living in low social fragmentation neighborhoods. The effect of social fragmentation on sleep was not abated when potential mediators were included in the model. The oldest children in comparison with the youngest were significantly less like to obtain 8.5 h of sleep and obtain fewer minutes of sleep. Whites in comparison with other racial groups, and immigrants who arrived in the USA ,4 years ago in comparison with US-born students were more likely to obtain 8.5 h of sleep and obtain more minutes of sleep.
Among students participating in the BYS, the average number of minutes of sleep obtained was 6.61 h and 6.65 h among females and males, respectively. Also, sleep duration was highest among the youngest age group, 6.96 h, and lowest among the 19-year-olds, 6.04 h. In comparison with findings from other studies, these estimates are lower. For example, among adolescents aged 12-16 years, participating in a US Nationally representative study, average duration of sleep was 8.31 h among males and 8.15 h among females at baseline and then declined. 56 Among students followed from 14 to 18 years of age, attending high schools in Philadelphia, the average sleep duration at age 14 was 8.13 and 8.16 h among males and females, respectively. 57 By the end of the study, the average sleep duration was 7.54 and 7.52 h, among males and females, respectively. 57 What is already known on the topic?
Sleep in itself is an important predictor of health. For example, researchers have identified sleep duration inversely associated with BMI. 58 A recent systematic review presented results that indicated shorter sleep duration was associated with subsequent weight gain among children. 9 Other researchers have identified sleep as a partial mediator between neighborhood disorder and self-rated health. 59 For example, they found that among adults living in a neighborhood that is perceived to be noisy, unclean and crime-ridden, they were more likely to report poorer self-rated physical health, which was mediated by lower sleep quality. 59 Although we found no evidence of mediation between social fragmentation and sleep among this study population, these behaviors and depressive symptoms might lie along the causal pathway among other groups. Social fragmentation has already been identified as a risk factors for mental health, 38,60,61 suicide 62 and physical inactivity. 32 It is therefore reasonable to conceptualize behavioral factors as being partial mediators that are along the causal pathway between area-level social fragmentation and sleep. Other possible psychological conditions not measured in this study might also be risk factors for sleep problems. For example, anxiety has been shown to be associated with sleep problems, such as nightmares and difficulty sleeping alone, which may disrupt sleep duration and sleep quality. 63 
What this study adds
This study adds to the literature because it identifies how a socioeconomic characteristic of the residential neighborhood might interfere with the ability of children to obtain adequate sleep. Findings are consistent with the social determinants of health framework that emphasized that the conditions in which individual and families reside influence their health. These conditions are shaped by the distribution of money, power and resources, which leads to social and health inequalities. 64 Certain populations might be disproportionately more likely to live in neighborhoods that are socially fragmented. People from lower socioeconomic backgrounds have been shown to move Significant findings are in bold.
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frequently, 65 which may result in greater social fragmentation within a neighborhood.
Limitations of this study
We need to interpret these findings with caution due to limitations of this study. We used cross-sectional data, and therefore, we cannot infer causality since temporality was not observed. However, the hypotheses and directionality have intuitive appeal. Additionally, we relied on self-report for sleep duration. Furthermore, the question utilized to measure sleep duration can be interpreted as time spent in bed, and not the time spent sleeping. However, the use of the question has been used in other population-based surveys. 43 Residual confounding might also be a limitation since important covariates such as individual-level SES variables (i.e. household income) were not asked in the BYS questionnaire. Also, although the BYS sample was originally representative of youth attending public high schools in the city of Boston, the demographic distribution of our analytic sample changed due to missing data. However, we may be able to generalize these findings to adolescents in comparable urban centers. Another limitation is that we had no measures of sleep quality. Researchers have identified sleep quality rather sleep duration as a better predictor of health and well-being. 66 Furthermore, social cohesion, perception of neighborhood safety, depressive symptoms, alcohol consumption, cigarette smoking and physical inactivity might actually mediate the relation between social fragmentation and sleep quality. Finally, another limitation is that we did not measure weekend sleep duration.
Strengths of this investigation include the large sample size representative of students attending public schools in an urban setting, our ability to control for neighborhood-level characteristics in the multiple regression analyses and our use of multilevel modeling to account for the clustering of the participants within neighborhoods.
In conclusion our study suggests that neighborhood-level social fragmentation may act as an independent variable that influences sleep duration among adolescents while controlling for confounders. Creating a stable social environment that is supportive may be needed to help children obtain adequate sleep for growth and development. Research has indicated that as social housing decreases, the rate of mobility increases. 67 Possible interventions may not only include decreasing turnover rates through such policies as funding social housing, but also by providing social support for residents and families living in socially fragmented neighborhoods. Future work that utilizes longitudinal data may help determine temporality and to further gain a better understanding of the causal mechanisms.
